Ethanol feeding daily for 40 days to rats enhanced cholesterol, triglycerides, phospholipids (PL), and glycolipids contents of intestinal brush borders. The observed increase in membrane PL was reflected in phosphatidyl serine, phosphatidyl inositol, phosphatidyl choline, and phosphatidyl ethanolamine.
Summary
Ethanol feeding daily for 40 days to rats enhanced cholesterol, triglycerides, phospholipids (PL), and glycolipids contents of intestinal brush borders. The observed increase in membrane PL was reflected in phosphatidyl serine, phosphatidyl inositol, phosphatidyl choline, and phosphatidyl ethanolamine.
Feeding of an 8% protein (low protein; LP) diet to rats reduced the cholesterol content but augmented PL, triglyceride, and cerebroside contents of brush borders compared with the control values. Membranes from ethanol-fed, malnourished animals revealed a decrease in membrane PL and triglyceride contents compared with those values for LP-fed rats. Feeding of a 30% protein (high protein; HP) diet to rats significantly increased various lipid fractions (cholesterol, PL, cerebrosides, and gangliosides) of intestinal microvillus membrane (MVM) compared with those of the controls. Ethanol administration together with the HP diet reduced membrane cholesterol, PL, triglycerides and glycolipids contents compared with those values for HP-fed animals. Thus, the feeding of a HP diet prevented the lipid accumulation in the rat intestine induced by chronic ethanol feeding. These results suggest that lipid composition of intestinal MVM is modified by ethanol and dietary protein regimens. The sensitivity of MVM lipid composition to ethanol is influenced by the dietary protein content of the animals. Biological membranes appear to adapt readily to the fluidizing effect of ethanol by altering their membrane lipid composition [1] . Lipids extracted from membranes of ethanol-tolerant mice produced more rigid bilayers than those from the controls [2]. Chronic ethanol feeding is known to alter the lipid composition of the intestinal microvillus membranes (MVM). An increase in the cholesterol/ phospholipid (PL) molar ratio and a reduced fatty acid unsaturation index were observed in MVM isolated from rats chronically administered ethanol [3] . An enhanced triglyceride synthesis and fatty acid oxidation in rat enterocytes after chronic ethanol ingestion is also reported [4] . We have previously shown that the effect of ethanol feeding on glycosylation of MVM is highly dependent on the dietary protein content in rats [5, 33] . Therefore the present studies were undertaken to investigate the effect of chronic ethanol administration together with lowor high-protein diets on the lipid composition of MVM in the rat intestine.
MATERIALS AND METHODS
Animals and diets. Male albino rats (Wistar strain) weighing 90-100 g were used. Animals were randomly divided into four groups: groups 1 and 3 were fed a control diet containing 18% protein, and groups 2 and 4 were given either a low(8%)-or high(30%)-protein diet for 40 days. The composition of the diets fed to the rats is given in Table 1 . Animals in groups 3 and 4 were orally administered 1 ml of 20% ethanol daily through a Ryle's tube. Rats in groups 1 and 2 received isocaloric amounts of glucose solution. Animals in different groups were pair-fed. A control group of animals fed a rat pellet diet (Lipton India Ltd., Delhi) ad libitum was also run simultaneously. All the animals had free access to water and consumed the entire daily allowance of the diet (---15 g/rat). There were 6 animals in each group, and three measurements were done for each treatment. Tissues were pooled from 2 animals for various biochemical studies. There was essentially no difference between ad libitum control or pair-fed control for the different parameters investigated.
Animals fasted overnight were sacrificed under ether anaesthesia. Starting from the ligament of Treitz, the entire small intestine was removed, thoroughly washed with ice-cold saline, and used for various biochemical studies.
Isolation of microvillus membranes. MVM were isolated and purified according to the method of Kessler et al. [6] . The membranes were suspended in 50 mM sodium maleate (pH 6.8) and exhibited 12-to 15-fold enrichment of brush border sucrase and alkaline phosphatase activities compared with those activities in the intestinal homogenate.
Protein was determined by the method of Lowry et al. [7] with bovine serum albumin used as the standard.
Analysis of membrane lipids. Membrane lipids were extracted in chloroform : methanol (2: 1, v/v) by the method of Folch et al. [8] . Total cholesterol was estimated colorimetrically with glacial acetic acid-FeC13 reagent as described by Zlatkis et al. [9] . Free cholesterol was determined by the method of Zak et al. [10] . Phospholipids were estimated by measuring inorganic phosphorus [11] and multiplying it by a factor of 25. Triglycerides were determined by the method of Van Handel et al. [12] . Cerebrosides were estimated by determining hexoses with anthrone reagent as described by Roe [13] . Upper phase of Folch's partition was evaporated to dryness, emulsified with water, and dialyzed against water for 48 h. This preparation was used to determine gangliosides by measuring sialic acid [14] .
Phospholipids were fractionated by thin-layer chromatography using CHC13 : CH3OH : 7 N NH3 (65 : 25 : 4, v/v) solvent mixture and quantified by determining the phosphorus content in individual spots after digestion with 10% Mg(N03)2 prepared in 95% ethanol as described [11] .
Statistical analysis. The data were analyzed using Student's t-test and analysis of variance (ANOVA).
RESULTS
Animals fed the LP diet showed a 45% decrease in body weight compared with the pair-fed controls at the time of sacrifice. Feeding of the HP diet produced a significant increase (p<0.05) in body weight compared with the body weight of the control animals. Administration of ethanol daily for 40 days to rats fed control, LP, or HP diets did not affect the body weight compared with that of the respective controls.
The effect of ethanol administration on lipid composition of intestinal MVM of rats fed the control or LP diet is shown in compared with the membranes from the LP-fed group (Table 2) . Analysis of phospholipid fractions in brush borders showed a considerable increase in phosphatidyl serine (PS), phosphatidyl choline (PC), and phosphatidyl ethanolamine (PE) (p <0.01, p < 0.01, p < 0.001, respectively); whereas phosphatidyl inositol (PI) was significantly (p<0.001) reduced in response to feeding of the LP diet (Table 3) . Minor PL fractions, viz., lysophosphatidyl choline (LPC), sphingomyelin (Sph), and phosphatidyl glycerol (PG), were unaffected under these conditions. Ethanol administration to rats enhanced the proportion of membrane PS (p<0.01), PI (p<0.05), PC (p<0.01), and PE (p<0.05) compared with those values for the control brush borders. Ethanol administration to proteindeprived animals reduced the levels of PI and Sph (p<0.001) in MVM, whereas PS, LPC, PC, PE, and PG contents remained essentially unchanged compared with those of the protein-malnourished rats.
Results on lipid composition of intestinal MVM from control and HP-fed rats after chronic ethanol intake are depicted in Table 4 . MVM from HP-fed rats showed significant increases in cholesterol (total and free), cerebrosides (p <0.001), phospholipids, and gangliosides (p (0.05) compared with those from controls. Ethanol feeding to control rats enhanced different lipid fractions of brush borders. Values are mean + SD of 4 observations as 1u g/mg protein. In contrast, ethanol administration to animals maintained on the HP diet appreciably reduced the content of cholesterol (total and free), PL, triglycerides, cerebrosides (p<0.001), and gangliosides (p<0.01) compared with that in HP-fed rats.
Results on the phospholipid fractions of microvillus membranes from control and HP-fed rats after chronic ethanol consumption are presented in Table 5 . There was a considerable increase in PI (p<0.01) and PC (p<0.001) levels in brush borders in rats given the protein-rich diet, but the membrane content of PS, LPC, Sph, PG, and PE remained unchanged under these conditions. MVM from ethanol-fed control rats showed an increase in PS (p<0.05), PI (p<0.01), PC (p<0.001), and PE (p<0.05) contents compared with those from the controls. However, ethanol feeding together with the protein-rich diet did not affect the PL composition of brush borders compared with that of animals fed the protein-rich diet alone. Values are mean+SD of 4 observations as,ug/mg protein. Values expressed as % total phospholipids, are mean ± SD of 3 observations. fractions are real under these conditions. An increase in cholesterol synthesis in response to ethanol ingestion in rat intestinal slices was described by Middleton et al. [15] . Chronic ethanol intake has been shown to markedly enhance both cholesterol and PL contents of rat hepatocytes [16] and mice erythrocyte membranes [17] . However, chronic ethanol feeding to rabbits has been shown to decrease the cholesterol and PL content of MVM [18] . This probably is due to a species-specific effect of ethanol on membrane lipid composition. Even with animals of the same strain, age, and sex, the responses to ethanol are dissimilar in contrasting membranes types [2] . Increased cholesterol and phospholipid content in response to chronic ethanol feeding may cause rigidity compensating for the disordering effect of ethanol. A similar adaptive response to chronic ethanol ingestion was described by Lindi et al. [ 19] , who showed that membranes from ethanol-fed rats were less fluid and more tolerant to ethanol addition in vitro. Chronic ethanol ingestion results in an accumulation of triglycerides in intestinal MVM in rats. This observation is consistent with earlier reports [20] that showed enhanced intestinal triglyceride synthesis in enterocytes and intestinal slices. The enhanced intestinal triglyceride content may possibly contribute to alcoholic hyperlipemia and alcohol-induced fatty liver [20] . Triglyceride accumulation was also found in liver and heart of ethanol-administered rats [21, 22] .
The observed increase in ganglioside content of MVM in response to chronic alcohol administration is similar to that noticed for sialic acid content of MVM under these conditions [5] . Prasad [23] reported an increased ganglioside content in the rat central nervous system after pre-and post-natal exposure to ethanol.
Ethanol oxidation by alcohol dehydrogenase pathway results in production of NADH, which may contribute to enhanced lipid synthesis. Ethanol itself is converted into acetate, which is the building block for fatty acid synthesis. Ethanol oxidation has been shown to enhance a-glycerophosphate levels [24] , which can lead to triglyceride synthesis.
Quantitative analysis of PL fractions showed that PC and PE together constituted 50-65% of the total PL in the various groups studied. This is in agreement with earlier reports indicating PC and PE to be the major constituents of PL in mice and rats [25, 26] . The observed increase in total PL elicited by ethanol feeding was reflected in increased amounts of PS, P1, PC, and PE. An increase in PS in synaptic plasma membranes in guinea pigs after chronic alcohol consumption was reported earlier [1] . Smith et al. [16] described alterations in the acyl composition of PE, PI, PS, and PC of hepatocytes from rats fed ethanol chronically.
Rats fed the LP diet exhibited a lower cholesterol and higher PL, triglyceride, and cerebroside contents of intestinal MVM than animals on the normal diet. Thus, the cholesterol/PL molar ratio in the brush borders was reduced in LP-fed animals. Pathak et al. [27] reported an increase in the cholesterol/PL molar ratio in MVM isolated from undernourished suckling rats. This suggests age-related differences in the sensitivity of brush border membrane lipid composition to ETHANOL AND MICROVILLUS MEMBRANE LIPIDS 173 malnutrition. The elevated triglyceride content in membranes from LP diet-fed animals may reflect the effect of the high carbohydrate content of the LP diet, as a high carbohydrate diet is known to augment triglyceride levels in the liver and plasma [28] . Ethanol, when administered to protein-deficient animals, resulted in a marked decrease in PL and triglyceride content whereas cholesterol and glycolipids were not altered. This suggests that dietary protein content has an important bearing in determining the sensitivity of MVM to ethanol effects. Similar to these findings, ethanol administration showed differential effects on brain microsomal cholesterol when given together with control or low protein-low thiamine diet [29] . The reduced PL content observed in MVM from ethanol-fed, malnourished rats is consistent with that reported for brain tissue [30] . Feeding a protein-rich diet (30%) to rats augmented MVM cholesterol, phospholipids, cerebrosides, and gangliosides. Hepatic cholesterol content is enhanced by feeding of protein-rich diet for 8 weeks [31] . Pugalendhi and Ramakrishnan [32] described a reduced cholesterol content of intestine in rats in response to feeding the animals a protein-rich diet. This discrepancy is due to the fact that lipids were estimated in the whole tissue, in contrast to the purified membranes used in the present studies. Increased cerebroside and ganglioside contents may contribute to the enhanced MVM hexoses and sialic acid contents described in intestines of animals fed a high-protein diet [33] . In contrast to that of the LP diet, feeding of the HP diet did not affect the cholesterol/PL molar ratio. Ethanol feeding together with the high-protein diet lowered the amount of the various lipid fractions studied compared with the values for the HP-fed rats. This effect of ethanol is opposite to that observed with the control diet, suggesting that a HP diet prevents ethanol-induced accumulation of lipids in intestinal MVM. It was reported previously that the effect of ethanol on cholesterol and bile acid metabolism depends on the composition of the diet and that a HP diet prevents the gall stone formation in response to ethanol ingestion [32] .
In conclusion, the lipid composition of MVM expressed on a protein basis in the rat small intestine is greatly modified by dietary conditions. Chronic ethanol administration stimulates the accumulation of different lipid components in brush borders. The sensitivity of MVM lipid composition to ethanol is greatly influenced by the dietary protein content of the animals. Delhi.
